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Abstract

A study was performed to investigate the effect of increasing the Al or Al,O3 precursor content, above the stoichiometric amount, on the
formation of B-sialon by pressureless sintering of Al, Si and Al,O3 powders in flowing nitrogen gas. The effect of adding Y,Oj3 or Fe to the
precursor mixture, on the (3-sialon formation, was also studied. The phase morphology and yield produced by the various compositions were
examined using X-ray diffraction (XRD). Additional Al,O3 decreases the (3-sialon phase yield and results in a greater amount of Al,Oj in the final
sintered material. Additional Al improved the conversion to 3-sialon up to a maximum of 4 wt% Al beyond which the (3-sialon:15R sialon ratio in
the sintered material decreases. 1 wt% Y,05 was determined to be the optimum sintering additive content, as yttrium aluminium garnet (YAG) was
found to be present in materials formed from higher Y,O3 containing precursors. The presence of Fe in the precursor powder retards the formation
of 3-sialon by preferentially forming Fe silicides at low temperatures, thus depleting the reaction system of elemental Si, favouring the formation of

15R sialon.
© 2011 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

The effect of sintering parameters on the formation of (3-
sialon by pressureless sintering of Al, Si and Al,O5; powders in
a nitriding atmosphere was previously examined by the present
authors [1]. A combination of nitrided pressureless sintering
and direct nitridation of metallic Si and Al was found to be
capable of producing low-cost sialon products, benefiting from
ease of forming and green machining due to the presence of Al
and Si particles. However, the materials formed were found to
exhibit low density ~70% and full conversion to (3-sialon was
not achieved even after sintering at 1600 °C [1]. The aim of the
present work is to examine the effect, on 3-sialon formation and
density of the final materials, of increasing the amount of Al or
Al,Oj reactants and including Y,0O5 or Fe sintering additives in
the precursor powder.

An advantage of the reaction sintering process is that with
the inclusion of additional reactants the reaction tends towards
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the formation of (3-sialon, as illustrated in Eq. (1).
6Si + 2A1 + 2A1,0;3 4+ 5N, = 2Si3Al1303N;5 (1)

Simultaneous reaction and sintering control is a key factor in
the production of (3-sialon and is sensitive to starting material
composition, understanding the effects of additional reactants
and additives will allow the microstructure and properties of the
final B-sialon to be controlled.

It is well known that pressureless sintering of dense Si3Ny-
based ceramics requires the use of a sintering additive [2—12].
However, the introduction of such an additive gives rise to
residual glassy and/or crystalline intergranular phases [2—4] as
a result of the formation of a liquid phase during sintering. As a
rule, the presence of such secondary phases has a detrimental
effect on the high temperature properties of the ceramic [5].
The most frequently used sintering aids are MgO and Y,05 but
other additives such as CaO, Sc,03, CeO,, BeO and Li,O have
also been investigated [6—8]. Additives have been shown to
influence nitridation by interacting with silicon particles and
the surface silica layer. Specifically, iron has been shown to
help initialise nitridation, either by reacting directly with the
silicon to form iron silicides [9], by causing devitrification or
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Table 1
Precursor compositions examined.
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Series Composition (wt%)
Si Al A1203 Y203 Fe
Basic composition 39.52 12.66 47.82
Additional Al,0O5 10 37.72 12.08 50.20
25 35.30 11.31 53.39
50 31.89 10.22 57.89
Additional Al 2 39.42 12.88 47.70
3 39.37 12.99 47.64
4 39.32 13.10 47.58
5 39.27 13.21 47.52
10 39.03 13.75 47.22
15 38.78 14.29 46.93
Y,0; additive (4 wt% Al additional) 0.25 39.22 13.07 47.46 0.25
0.50 39.12 13.03 47.34 0.50
0.75 39.03 13.00 47.22 0.75
1 38.93 12.97 47.10 1.00
2 38.53 12.84 46.63 2.00
3 38.14 12.71 46.15 3.00
4 37.75 12.58 45.68 4.00
Fe additive (4 wt% Al) 0.2 39.24 13.07 47.48 0.2
0.4 39.16 13.05 47.39 0.4
0.6 39.08 13.02 47.29 0.6
0.8 39.01 13.00 47.20 0.8
1.0 38.93 12.97 47.10 1.0

the removal of the silicon’s silica surface layer [10]. The
addition of sintering aids such as yttria has been shown by
transmission electron microscopy (TEM) analysis to aid the
early stages of nitridation by reacting with the silica surface
layer and promoting its removal [11]. The inclusion of these
additives generally results in increased rates of nitridation when
compared to that of pure silicon, which requires a long sintering
time (e.g. >72 h at 1400 °C) for successful nitridation due to
the highly exothermic nature of the reactions between silicon
and nitrogen [12].

In the present work, the effect of yttria and iron sintering
additives on B-sialon formation from Al, Si and Al,O3
powders is examined. The effect of increasing the amount
of alumina and aluminium beyond the stoichiometric
amount, obtained from Eq. (1) and given in Table 1, is also
investigated.

2. Experimental
2.1. Powder processing and compact nitriding

-Sialon (Sig¢_,Al,O.Ng_., z=3) was selected as the target
material in the present investigations. The precursor composi-
tions investigated are detailed in Table 1. Each series is based
on previous experiments with the inclusion of subsequent
compositional variations. The basic composition of the
samples, i.e., stoichiometric amount obtained from Eq. (1),
is also detailed in Table 1. The following starting powders were
used: Si(98.17%, dso = 15.83 pum, Aldrich Chemicals Ltd.), Al
(99%, dso=36.35wm, Aldrich Chemicals Ltd.), Al,O;

(99.87%, dso=4.65 pm, Alfa Aesar, UK), Y,03 (99.99%,
dso =74 pm, PI-KEM, UK) and N, gas (99.998%, white spot
grade, BOC, UK).

The starting material mixtures were dry milled for 1 h using
zirconia milling media, to produce homogeneous batches. The
powder mixtures were weighed then mixed in an alumina
mortar, using a few drops of a 5 wt% aqueous solution of
polyvinyl alcohol (PVA) as a temporary binder. The powders
were then pressed in a cylindrical steel die with an inner
diameter of 14 mm using a pressure of 100 MPa. After
pressing, green compacts were dried at 150 °C overnight and
then held at 500 °C for 3 h to remove the binders. The dried
specimens were then weighed and sintered in a horizontal tube
furnace under flowing N, introduced at a rate of 6 I/min under
10° N/m? pressure at 1500 °C.

The sintering schedule was kept constant and all sialon
precursor mixtures were heated to 1350 °C at 5 °C min~', held
for 120 min, heated to 1500 °C at 2 °C min~"' then held at this
temperature for 180 min.

2.2. Characterisation

The crystal lattice parameters of B-sialon and the phase
composition of the final reaction products were analysed by X-
ray diffraction using a Philips PW1120 X-ray diffractometer
(CuK,;,40kV, 20 mA). Peak areas were used to estimate semi-
quantitatively the evolution of the reaction products.

The bulk density and apparent porosity of each specimen
was measured by the Archimedes method. The samples were
weighed before and after sintering.
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3. Results and discussion
3.1. Effect of additional Al,O;

The inclusion of additional Al,O; powder, above the
stoichiometric ratio, to the precursor mixture was not found to
benefit the nitridation reaction, as the percentage weight gained
by the materials during sintering decreased as the Al,O3 content
in the precursor increased, Fig. 1(a).

This observation was also supported by the XRD results,
Fig. 2(a), which shows that increasing amounts of Al,O; in the
precursor powder caused the relative amount of 3-sialon formed
to decrease as the amount of Al,Os in the product material rose.

The bulk density of the product material increased linearly
with increasing additional Al,Oj3 included in the precursor,
Fig. 3(a). This again is consistent with the above observations
that more Al,Oj3 in the precursor results in more Al,Oj3 in the
product. Al,Oj is denser than sialon (3.987 g/cm3 for Al,O5 cc
3.077 g/cm3 for (3-sialon [13]) and therefore an increase in the
Al,03:3-sialon ratio in the product material would be expected
to result in a material with higher bulk density.

The apparent porosity of the sintered materials, also shown in
Fig. 3(a), shows the reverse behaviour to that of the bulk density,
i.e., a linear decrease with increasing Al,O5; precursor content.

25
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This further supports the observation that more Al,O5 in the
precursor results in more Al,O3 and less sialon in the product
material as Al,O3; materials densify more easily than sialons.
Therefore, a material with more Al,O5 present in the starting
mixture would be expected to experience greater densification
during sintering at 1500 °C, resulting in lower porosity.

The nitridation reaction in the present system (Si—-Al-
Al,O3-N,) depends on species which are able to introduce
nitrogen into the structure of the reaction product, such as
[SiN4] or [AIN,] allowing sialon materials to form. Silicon and
aluminium metal are able to react with nitrogen gas to form
[SiN4] or [AIN4], however the role of Al,O5 in the reaction
sequence is to provide Al-O units [1] and additional Al,05 does
not result in an increase in the sialon formation.

Therefore, the results clearly indicate that the addition of
Al,O3, beyond the stoichiometric amount, to the precursor
powder mixture, does not improve the nitriding reaction to form
sialon and results in an increase in the residual Al,O5; phase
within the final material.

3.2. Effect of additional Al

Increasing the amount of aluminium metal within the
precursor powder in excess of the stoichiometric amount
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Fig. 2. Phase evolution of sintered samples vs. (a) Al,O3, (b) Al (c) Y,03 and (d) Fe content.

appeared to benefit the nitridation reaction, as the percentage of
weight gained by the materials during sintering increased with
increasing aluminium in the precursor powder, up to a maximum
of 13.1 wt% total Al (4 wt% above the stoichiometric amount),
Fig. 1(b). Above this composition, however, the continued
increase in precursor Al content, resulted in a drop in weight gain
(approximately 3%) which continued to decrease as the Al
precursor content was increased further, suggesting that the
nitridation reaction is being retarded by the excess Al.

This change in observed behaviour, when the total Al
content exceeds 13.1 wt%, appears to be due to the formation of
increasing amounts of 15R polytype sialon at the expense of 3-
sialon formation, in the product material. The evolution of the
crystalline phases detected by XRD plotted in Fig. 2(b), shows
that the occurrence of 15R polytype sialon increases with
increasing Al precursor content as the amount of {3-sialon
decreases, when the total Al content exceeds 13.1 wt% (4 wt%
above the stoichiometric amount). The amount of Al,O; in the
product material is also observed to increase when the total Al
content of the precursor exceeds 13.1 wt%, suggesting that the
consumption of Al,O5 to form (-sialon, by the reactions shown
in Eq. (1), is inhibited by Al concentrations greater than 4 wt%
over the stoichiometric amount.

The Al content is higher in 15R polytype sialon
(SiAl4O,Ny), i.e., AL:Si = 4:1, than in B-sialon (SizAl305Ns),

Al:Si = 1:1. Therefore, the increased aluminium content of the
starting materials would be expected to favour the formation
15R sialon. It is known from previous study, that Al nitrides to
form AIN during the heating stage below 1000 °C, under the
current experimental conditions [1]. Therefore, raising the
aluminium content in the precursor material will result in an
increase in AIN at the reaction temperature, causing the
reactant composition to shift towards the AIN edge of the phase
diagram promoting the formation of 15R sialon, Fig. 4 [14].

Increasing the AIN:Si ratio will favour the formation of 15R
sialon with respect to [3-sialon as shown in Egs. (2) and (3). The
stoichiometric ratio of AIN:Si to form 1 mole of B-sialon is 1:3
from Eq. (2), however, the ratio to form 1 mole of 15R sialon
from Eq. (3) is AIN:Si = 1:0.38.

3Si + AIN + AL Oj; +2N; = SizAl303Ns 2)
3Si + 8AIN + 2A1,03 42N, = 3SiAlLO,Ny 3)

The bulk density of the product materials was found to
increase linearly with increasing precursor Al content, with a
clear shift in behaviour at 13.1 wt% beyond which the bulk
density was observed to decrease which is consistent with the
previous observations of weight gain behaviour, Fig. 3(b). At
compositions of 13.1 wt% and below the nitrogen increases
with precursor Al content as more AIN is present and able to be
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nitrided further, according to the reactions in Eqgs. (2) and (3) to
form 3-sialon, therefore the bulk density of the product material
also increases as more nitrogen is incorporated into the
material. At total Al compositions above 13.1 wt% less
nitrogen is being incorporated into the material due to the
increase in 15R sialon formation and decrease in (-sialon.
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Fig. 4. Si—Al-O-N system phase diagram at 1400 °C [14].

The apparent porosity, Fig. 3(b), exhibits the inverse
behaviour to the bulk density; initially with increasing
precursor Al content, there is an increase in matrix phase
formation, i.e. 3-sialon, as shown in Fig. 2(b), which reduces
the apparent porosity. However, at Al levels beyond 13.1 wt%
there is a decrease in the amount of 3-sialon matrix phase
formed as 15R sialon becomes increasingly evident in the
reaction product.

The results would suggest that 13.1 wt% total Al is the
maximum limit to the balanced composition of the sialon
precursor as the XRD results, Fig. 2(b), revealed the maximum
percentage of [3-sialon (83%) in the product material The
reaction product formed form the precursor material with
additional 4 wt% Al (13.10 wt% in total) exhibited the highest
bulk density (2.195 g/cm®), lowest porosity (28.91%) and
highest weight gain (25.35%) over the range of Al compositions
examined (additional 2-15 wt% Al) suggesting that the
inclusion of 4 wt% Al in excess of the stoichiometric amount
is beneficial to 3-sialon formation as well as improving the bulk
density and decreasing the apparent porosity.

3.3. Effect of additional yttria
The effect of the addition of Y,Oj; to the precursor material,

on 3-sialon formation, varied depending on the Y,O3 content.
Concentrations of 1 wt% Y,0; and below increased the weight
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gained by the material during sintering, Fig. 1(c), suggesting
that the presence of Y,O3; promoted the nitridation reaction.
This observation was supported by the XRD results, Fig. 2(c),
which indicate that the percentage of (3-sialon present within
the final material increased with increasing Y,Oj3 content in the
precursor up to 1 wt%. An increase in 3-sialon in the product
material of approximately 4 wt% was observed when compar-
ing the material formed from 1 wt% Y,03; to non Y,O;
containing precursors.

As the Y,05 content is increased further however, i.e., Y,03
wt% > 1.5, the percentage of (3-sialon in the sintered material
was observed to fall as an additional phase, yttrium aluminium
garnet (YAG) (Y3Al50,5,), is found to be present in the material,
which increases with increasing Y,0O5 content.

The most promising results regarding the sialon develop-
ment with respect to phase evolution (Fig. 2) are the curves
obtained when Y,0; is used as a sintering additive. In the
presence of Y,05 (Fig. 2(c)), the B-sialon content is clearly
higher after sintering than in the case of the other precursors.
The B-sialon content has a maximum value (86% in Fig. 2(c))
and the density achieved a maximum of 2.225 g/cm®
simultaneously at 1 wt% Y,Oj3 content (Fig. 3(c)), suggesting
that the addition of 1 wt% Y,0Os to the precursor composition is
beneficial to promote sintering.

The effectiveness of Y,O3 on the sintering behaviour of
sialons agrees with the known role of Y,Oj3 as a sintering aid,
i.e., active in removing the silica layer from the silicon
powder particles to form a secondary crystalline phase, which
participates in the early formation of a liquid phase. The pre-
nitridation step (1300 °C for 120 min) is reported to be
accompanied by early reaction of all Y,O3 to form yttrium
silicate phases [15]. O’Meara et al. [16] reported that the
yttrium silicate phases present after the pre-nitridation step
are totally consumed upon full nitridation in favour of a
partial Si3N4;—SiO,-Y,05-Al,03 liquid phase and YAG
formation. Formation of B-sialon in compositions with lower
Y,0;5:Al,05 ratios is in agreement with known phase
relationships in this system since such compositions are
closer to the base of the Jdanecke prism and, therefore, to
B-sialon [17].

The yttria content, must be balanced to allow maximum
nitridation at the lowest temperature to occur but not the
formation of too much early liquid, which may tend to close
down the pore structure and inhibit nitridation. This is most
likely the cause of the decrease in the weight gain (Fig. 1(c))
and the B-sialon content (Fig. 2(c)) with increasing Y,0j3
content beyond 1 wt% in the precursor powder.

Increasing the Y,0; additive from 0.25 to 1.0 wt% caused
the bulk density of the materials to increase, while the apparent
porosity decreased, Fig. 3(c). 1.0 wt% of Y,05 included in the
starting powders produced the highest density (2.225 g/cm”®)
and the lowest porosity (25%) of all the Y,O3 contents
examined (0—4 wt%), see Fig. 3(c).

The yttrium containing materials possess higher densities
(Fig. 3) than all other compositions examined, probably owing
to yttrium’s role in the formation of a liquid phase at lower
temperature as previously discussed.

3.4. Effect of Fe additions

Adding Fe to the precursor powder reduced the amount of B-
sialon and raised the percentage of 15R sialon and residual
Al,O3 in the product material, Fig. 2(d). Increasing amounts of
Fe exacerbated this effect.

Fig. 3(d) shows that the bulk density passed through a
maximum (2.26 g/cm3) at 0.2 wt% Fe and then decreased, with
further increasing Fe content. The apparent porosity increases
from 0.2 to 0.6 wt% Fe and then decreases as greater amounts
of Fe are included.

Weight gain during sintering was observed to be less when
0.2 wt% Fe was included in the precursor powder compared
with O wt% Fe precursors, Fig. 1(d). However, increasing the Fe
content further caused the weight gain during nitriding to
increase.

Fe is known to facilitate nitridation either by reacting
directly with silicon to form iron silicides [15,16] or by causing
devitrification and removal of the silica surface layer on silicon
particles [18]. The susceptibility of the silica layer to the
effects of iron impurities in the early stages of nitridation have
been related to the thickness of the silica layer and iron
impurities have been shown to lower the temperature of
nitridation [19].

According to the Fe—Si phase diagram [20], a eutectic is
formed at 1207 °C suggesting that the formation of a liquid
phase will occur before the onset of nitriding in the present
system, which was found to occur above 1400 °C [1]. FeSi, is
the lowest-melting of the iron silicides and is most likely to
form during the reaction-sintering process. This is verified by
XRD analyses of samples with >0.6 wt% Fe, which indicate
the presence of trace amounts of silicides (Fig. 5). The small
peaks at approximately 17°26 and 45°26 in Fig. 5 correspond
to FeSi,.

The formation of iron silicides, at temperatures (1207 °C)
well below the onset of sialon formation reactions at 1400 °C,
depletes the system of silicon metal which could otherwise be
available to participate in sialon formation. This has the effect
of altering the chemistry of the system such that the ratio of
AIN:Si is increased. Increasing the AIN:Si ratio will favour
the formation of 15R sialon with respect to [-sialon as
discussed previously. Therefore, the addition of Fe to the
stoichiometric precursor ratio was found to be detrimental to
the formation of (-sialon.

500 — oALO,
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400 o— 15R
— Silicon
300
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Intensity (cps)

200+

1004

20 0 a0 50

28 (%)
Fig. 5. XRD pattern of 1.0 wt% Fe additive sample (arrows at approx. 17 and
45°26 correspond to FeSi,, arrow at approx. 53°26 corresponds to Fe;Si).
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4. Conclusion

The present work, to examine the effects of precursor
composition and sintering additives on the formation of f3-
sialon by the pressureless sintering of Al, Si and Al,O; powder
in a flowing nitrogen atmosphere at 1500 °C, determined that
increasing the amount of Al,O3; powder in the precursor beyond
the stoichiometric amount, did not benefit the formation of 3-
sialon and resulted in an increase in residual Al,Os in the
product material suggesting that additional Al,O; does not
participate in the nitridation reaction.

Increasing the amount of Al in the precursor powder beyond
the stoichiometric amount promoted the formation of (3-sialon
in the product material with a maximum occurring when the
total Al content was 13.1 wt% (4 wt% above the stoichiometric
amount). Beyond this Al concentration the formation of 15R
polytype sialon became more pronounced at the expense of [3-
sialon. This is proposed to be due to the increase in AIN:Si ratio
with increasing Al content in the starting material.

The addition of Y,0O; to the precursor powder mixture
(which included the stoichiometric amounts + 4 wt% addi-
tional Al) promotes the formation of $-sialon and improves the
density of the product material, by forming liquid phases which
promote diffusion, with a maximum occurring with an Y,0;3
concentration of 1 wt%. Further increases in the Y,O5 content
resulted in the formation of yttrium aluminium garnet (YAG)
within the product material.

The addition of Fe to the precursor mixture (which included
the stoichiometric amounts + 4 wt% additional Al) was found
to be detrimental to the formation of 3-sialon and promoted the
formation of 15R polytype sialon, resulting in a reduction of the
[-sialon:15R sialon ratio in the final material. This effect is
proposed to be due to the formation of iron silicides at
temperatures (1207 °C) well below the onset of nitridation
(1400 °C), which depletes the system of silicon and raises the
AIN:Si ratio which favours the formation of 15R sialon.

The reaction to form 3-sialon did not reach completion with
any of the compositions studied and residual Al,O5 and silicon
were present in all materials produced. 15R sialon was always
found to be present when 3-sialon formed.

The lowest apparent porosity (25%) and the highest bulk
density (2.225 g/cm3) were achieved when 1 wt% Y,053 and an
additional 4 wt% Al were included in the precursor powder.

The optimal precursor composition, from the present work,
for forming (-sialon by pressurelessly sintering Al, Si and
Al,O3 powders in a flowing nitrogen atmosphere at 1500 °C,
based on the B-sialon:15R sialon ratio in the product material,
bulk density and apparent porosity was found to be; the
stoichiometric composition (12.66 wt% Al, 39.52 wt% Si,
47.82 wt% Al,O3) plus the addition of 1 wt% Y,0O3 and an
additional 4 wt% Al.

Acknowledgements

The authors gratefully acknowledge the financial support of
the University of Strathclyde. They are also indebted to the late
Professor Alan Hendry who played a key role in initiating the
present work.

References

[1] H.C. Ewing, S. Yang, The effect of sintering parameters on the formation
of B-sialon from Al, Si and Al,O3 powders, J. Ceram. Proc. Res., in press.

[2] W.D. Kingery, Densification during sintering in the presence of a liquid
phase. I. Theory, J. Appl. Phys. 30 (1959) 301-306.

[3] G. Ziegler, J. Heinrich, G. Wotting, Review: relationships between
processing, microstructure and properties of dense and reaction-bonded
silicon nitride, J. Mater. Sci. 22 (1987) 3041-3086.

[4] EL. Riley, Silicon nitride and related materials, J. Am. Ceram. Soc. 83
(2000) 245-265.

[5]1 J. Persson, T. Ekstrom, P.O. Kill, M. Nygren, Oxidation behaviour and
mechanical properties of 3- and mixed o/(3-sialons sintered with additions
of Y,0; and Nd,O3, J. Eur. Ceram. Soc. 11 (1993) 363-373.

[6] I.Oda, N. Yamamoto, in: FL. Riley (Ed.), Nitrogen Ceramic, 1977, p. 359.

[71 A. Arias, Pressureless sintered sialon with low amounts of sintering aid, J.
Mater. Sci. 14 (1979) 1353-1360.

[8] J. Dodsworth & D.P. Thompson, In: Special Ceramics 7, eds. D. Taylor &
P. Poper, Proc. Br. Ceram. Soc., 1981, 31, 51.

[9]1 K.H. Jack, W.I. Wilson, Ceramics based on the Si—Al-O-N and relates
systems, Nat. Phys. Sci. 238 (1972) 28-29.

[10] SM. Boyer, D. Sang, A.J. Moulson, in: FL. Riley (Ed.), Nitrogen
Ceramics, Noordhoff International, Manchester, 1977, p. 297.

[11] L.K.L. Falk, R. Pompe, G.L. Dunlop, Development of microstructure
during the fabrication by nitridation and pressureless sintering of Si
compacts, J. Mater. Sci. 20 (1985) 3545-3556.

[12] B.T. Lee, H.D. Kim, Effect of sintering additives on the nitridation
behaviour of reaction-bonded silicon nitride, Mater. Sci. Eng. A364
(2004) 126-131.

[13] T. Ekstrom, P.O. Kill, M. Nygren, P.O. Olsson, Dense single-phase (3-
sialon ceramics by glass-encapsulated hot isostatic pressing, J. Mater. Sci.
24 (1989) 1853-1861.

[14] C.C. Sorrell, Silicon nitride and related nitrogen ceramics: II. Phase
equilibria and properties of reaction bonded and hot pressed Si—-Al-O—
N, J. Aust. Ceram. Soc. 19 (1983) 48-67.

[15] LW.M. Brown, R. Pompe, R. Carlsson, Preparation of sialons by the
nitrided pressureless sintering (NPS) technique, J. Euro. Ceram. Soc. 6
(1990) 191-200.

[16] C. O’Meara, G.L. Dunlop, R. Pompe, Formation, crystallization and
oxidation of selected glasses in the Y-Si—Al-O-N system, J. Mater.
Sci. 25 (1990) 342-349 [19].

[17] A. Rosenflanz, I. Wei Chen, Kinetics of phase transformations in sialon
ceramics: 1. Effects of cation size, composition and temperature, J. Eur.
Ceram. Soc. 19 (1999) 2325-2335.

[18] W.A. Fate, M.E. Milberg, Effects of Fe and FeSi, on the nitriding of Si
powder, J. Am. Ceram. Soc. 61 (1978) 531-532.

[19] R. Pompe, L. Hermansson, T. Johansson, E. Djurle, M.E. Hatcher,
Characterization of silicon powders for the production of SizN4, Mater.
Sci. Eng. 71 (1985) 355-362.

[20] V. Raghavan, Phase diagrams of ternary iron alloys. Part 5. Ternary
systems containing iron and oxygen, The Indian Institute of Metals,
Calcutta, 1989 (Fig. 36 1).



	The effect of precursor composition and sintering additives �on the formation of &beta;-sialon from Al, Si and Al2O3 powders
	Introduction
	Experimental
	Powder processing and compact nitriding
	Characterisation

	Results and discussion
	Effect of additional Al2O3
	Effect of additional Al
	Effect of additional yttria
	Effect of Fe additions

	Conclusion
	Acknowledgements
	References


